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ALPHA-SECTOR
b

c
CENTERLINE
CENTER-ROTATION
(C.R.)

CONFIG NUMBER

DTWDT

EXPOSURE TIME

GROUP
HO

H(TO)

INJECT TIME
MACH NUMBER
MU-L.IF
P-INF

PO

PORT NUMBER
PRESSURE
Q-DOT

Q-DOT-0

Q-INF

R ANGLE

NOMENCLATURE

Tunnel sector pitch angle, deg
Thin-skin mcdel wall thickness, ft
Model material specific heat, Btu/ibm-°R

Time at which test article reached tunnel center-
line, Central Standard Time

Axial station along the tunnel centerline about
which the wedge rotates, inches (see Figs. 3 & 5)

Code which designates the model being tested

Derivative of the model wall temperature with
respect to time, °R/sec

Total time that the model was exposed to tunnel
flow, sec

Injection number

Total enthalpy based on TO, Btu/lbm

Heat transfer coefficient based on TO,

Q-DoT, Btu/ft2-sec-°R

TO-TW

Time from model lift-off to centerline, sec
Free-stream Mach number

Free-stream viscosity, lbf-sec/ft2

Free-stream pressure, psia

Tunnel stilling chamber pressure, psia

Model pressure measurement port number (see Fig. 6)
Pressure measured by the corresponding port, psia

Measured heat-transfer rate, Btu/ftz-sec

Heat-tgansfer rate based on TW = 0 °F,
Btu/fi-~<cec

Free-strean dynamic pressure, psia

Angle between wedge surface and ramp surface, deg
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RE/FT
RHO-INF
ROLL-MODEL
ROLL-SECTOR

SAMPLE NUMBER

TC1, TC2 ...
TC-NO
ti

TIME

T-INF
TO
W
TWi
V-INF

WEDGE ANGLE

X, Y, Z

YAW~-MODEL

p
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Free-stream Reynolds number, ft-1
Free-stream density, lbm/ft3
Model roll angle, deg

Tunnel sector roll angle, deg

A code which designates which material specimen
was tested

Time, sec (Equation 2)

Material specimen thermocouple temperature, °F
Abbreviation for thermocouple numbe:x

Initial time, sec (Equation 2)

Time measured from when test article first
enters tunnel flow, sec

Free-stream temperature, °R

Tunnel stilling chamber temperature, °R
Model wall temperature, °R

Initial model wall temperature, °R
Free-stream velocity, ft/sec

Angle between frez-stream velocity vector and
wedge surface, deg (see Figs. 3 & 5)

Calibration model thermocouple coordinates, in.
(see Fig. 6 and Tablie 3)

Model yaw angle, deg

Model material density, lbm/ft3
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1.0 INTRODUCTION

The work reported herein was conducted by the Arnold Engineering
Development Center (AEDC), Air Force Systems Command (AFSC), under
Program Element 921E02, Control Number 9E02-00-9, at the request of
the National Aeronautics and Space Administration (NASA), Marshall
Space Flight Center (MSFC), Huntsville, Alabama and the Thiokol
Corporation (Wasatch Division), Brigham City, Utah. The Thiokol/
Wasatch Division project moritor was Mr. D. Furlong, and the NASA/MSFC-
EP44 project monitor was Mr. W. P. Baker. The results were obtained
by ARO, Inc., AEDC Division (a Sverdrup Corporation Company), operat-
ing contractor for the AEDC, AFSC, Arnold Air Force Station, Tennessce.
The overall task consisted of five separate test entries conducted in
the von Karman Gas Dynamic Facility (VKF), Tunnel C, over the perind
from January 17, 1979 thru April 2, 1979 under ARO Project Number
V41C-80.

A series of material evaluation tests were conducted on material
specimens being considered for use as part of the Thermal Protection
System (TPS) on the Space Shuttle Solid Rocket Boosters (SRB) and Solid
Rocket Motors (SRM). The material srecimens consisted of several insu-
lation materials attached to supports which were configured to represent
the various protuberances on the SRB and SRM. The objective of the tests
was to expose the material samples to an aerothermal environment which
simulated the predicted flight conditions of the ascent and reentry flight
trajectories,

The tests were accomplished in two phases. The initial phase was
designed to calibrate the test environment. The second phase dealt
with the materials evaluation where the various materials vere tested.
The VKF materials testing wedges were used to support the test articles
during their exposures to the tunnel environment. Wedge angles ranged
from 0 to 30 deg with nominal tunnel stilling chamber pressures of 225
to 1800 psia at 1900°R. Boundary-layer trips were installed on the
wedges to promote turbulent flow.

The test program also included a short test shift for the Martin
Marietta Corporation (MMC) at the request of the NASA-MSFC/ED34. The
purpose was to provide add'tional information in support of a previous
test project for the MMC conducted in January 1979 under ARO Project
No. V41C-62. The pertinent test information can be found in Ref. 1 and

is not discussed in this report. The test results from the partial shift
are included in the data package.

Inquiries to obtain copies of the test data should be directed to
Mr, W. P. Baker, NASA/MSFC-EP44, Huntsville, Alabama 35812. A micro-
film record has been retained in the VKF at AEDC.
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2.0 APPARATUS

2.1 TEST FACILITY

Tunnel C (Fig. 1) is a closed-circuit, hypersonic wind tunnel with
a Mach number 10 axisymmetric contoured nozzle and a 50-in.-diam test
section. The tunn=l can be operated continuously over = range of pres-
sure levels from 200 to 2000 psia with air supplied by the VKF main
compressor plant. Stagnation temperatures sufficient to avoid air
liquefaction in the test seccion (up to 2260°R) are obtained through
the use of a natural gas fired combustion heater in series with an
electric resigstance heater. The ertire tunnel (throat, nozzle, test
section, and diffuser) is cooled by integral, external water jackets.
The tunnel is equipped with a model injection system, which allows re-
moval of the model from the test section whil: the tunnel remains in
operation. A description of the tunnel may be found in Ref. 2.

2.2 TEST HARDWARE
2.2.1 General

The overail project consisted of five separate test entries. For
ease of reference, each test entry is assigned an entry number and will
be referred to by that number as necessary. Table 1 correlates the
entry number with the entry test date.

Entries 1 ard 4 utilized the flat plate wedge to support the
test articles during their tunnel exposures. This support wedge was
designed at the VKF and built by the IMSC-Huntsville Division. An
installation photograph of the wedge a.d a typical protuberance model
is shown in Fig. 2. The wedge is basically a 15-in. wide by 41.5-in.
long flat plate attached to a 13 deg wedge block. The protuberance
models were bolted to the plate with the rear edge of the models near
the downstream end of the plate. A 1/16-in. phenolic spacer was placed
between the model and the plate to help minimize the heat conduction from
the wedge into the model. The basic wedge angle was 13 deg; however,
offset sting adapters were used in conjunction with the tunnel pitch
mechanism to provide a wedge angle range from 0 to 25 deg. An installa-
tion sketch of the wedge and its sting arrangement 1s presented in Fig. 3.

Entries 2, 3 and 5 utilized the AEDC water-cooled materials testing
wedge to support the test articles. Figure 4 shows a typical specimen
installation. A double-walled pan with cooling water circulating through
the bottom and sides was attached to th~ wedge. The material
specimens were set into the pan and held in place by six
adjustable jacking screws. The pan was used to ensure that the test
articles did not receive any back-side heating. Trilangular-shaped
supports were used to vary the angle of the pan with respect to the
wedge and thus vary the heating rates. The basic angle of the AEDC
wedge was 33.65 deg; however, the offset sting adapters in conjunction
with the tunnel pitch mechanism provided a wedge angle range from 10
to 30 deg. The ramp angle of the pan was fixed at either 0 or 12 deg.

An installation sketch of the AEDC wedge/pan assembly and its sting
arrangement 1s presented in Fig. 5.
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Both supgert wedges had steel balls attached near the leading edges
to serve as boundary-layer trips in order to promote turbu.ent flow.

2.2.2 Calibration Models (Entry 1)

The calibration models consisted of three different protuberance
configurations from the SRB. All three of the models were supplied by
MSFC~EP44 and represented the SRB range safety antenna cover, full scale
kick ring and full scale attach ring. Heat-transfer data were ubtained
on all three configurations using the thin-skin technique. Pressure
data were also obtained on the attach and kick ring models. All the
modeis were constructed with 0.0265-in. thick sherets of 304 stainless
steel attached to an alumipum and steel substructure. Sketches of the
three models are presented in Fig 6. All of the calibration models
were tested on the flat plate wedge. ’

2.2.3 Materials Specimens (Entries 2, 3, 4, 5)

The TPS materials specimens were tested in either a protuberance
configuration or a panzl configuration. Table 2 lists all the speci-
mens tested and the particular details for each.

The rarge safety antenna cover protuberance models were constructed
by bonding SLA-220 insulation material to a flight item fiberglass cover.

The protuberance TPS specimens of the attach and kick rings were
constructed in two ways. The specimens with instrumentation islands
located on them were made by epoxy bonding HEXCEL 45~4120 material,
which is a high silica content glass ablative material with phenolic
resin, to a steel attach ring substrate model. The remaining protu-
berance specimens were constructed by mechanically fastening HEXCEL
45-4120 material to a steel substrate configurated to represent the
«ttach ring and kick ring. All of these protuberances were supplied
by MSFC-EP44 and tested on the flat-plate wedge.

The panel specimens were of three be ic types: B-stage cork veri-
fication panels, MSA-2 material development panels and SRB TPS paint
evaluation panels. All of the specimens had aominal dimensions of 12 x
16—in. with variable thicknesses as listed in Table 2. The materials
for each type were bonded to a 0.125-in. thick aluminum sheet which then
was mounted in the water-cooled adapter. These specimens were also
supplied by MSFC-EP44.

Nine additional specimens were tested during entires 2, 3 and 5
which were supplied by Thiokol and MSFC-EH41., These specimens included
four cork panels and five SRM clevis joint/pin retainer models. The
cork panels had nominal dimensions of 12 x 16-in. and consisted of cork
TPS material bonded to an aluminum sheet similar to the specimens supplied
by MSFC-EP44. The clevis joint models were made of steel and simulated
the attachment region between two sections of the SRM casing. Different
methods ¢f retaining the shear pins which held the joint together were
being investigated. The specimens provided by Thiokol were supported by
the water-cooled adapter during their tests while the MSFC-EH41 models
were supported by phenolic blocks during their exposures.
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A total of 12 protuberance specimens and 53 panel specimens were
testad in the four entries. :

2.3 TEST INSTRUMENTATION
2.3.1 Test Conditions

Tunnel C stilling chamber pressure 1s measured with a 500~ or
2500-psid transducer referenced to a near vacuum. Based on periodir
comparisons with secondary standards, the ac~uracy (a bandwidth wh: *
includes 95-percent of the residuals, i.e., 20 deviation) of the t..us-
ducers is estimated to be within *0.16 percent of pressure or #0.5 pei,
whichever is greater, for the 500-psid range and *0.16 percent of pres-
sure or *2.0 psi, whichever is greater, for the 2500-psid rang=2. Still-
ing chamber temperature measuremcnts are made with Chromel® -Alume1®
(CR-AL) thermocouples which have an uncertainty of *(1.5°F + 0.375 per-
cent of reading in °F).

2.3.2 Test Data

The heat-transfer rates on the calibration models were obtained
using the thin-skin technique. Each of the models were instrumented
with up to 25 Chromel-Alumel thermocouples which were welded to the
inner surface of the steel skins. Pressures on the kick ring and attach
ring models were measured with two and four ports respectively, using
the Tunnel C standard pressure system as described in Ref. 3. The
locations of the thermocouples and pressure ports are shown in Fig. 6
and listed in Table 3.

The material specimens were instrumented with up to 12 CR-AL thermo-
couples. These thermocouples were typically placed at the interface of
the TPS material and the support substrate. The lccations of these
thermocouples varied from specimen to specimen because of the different
points of interest on each. The exact locations were not supplied to
the VKF; therefore, the locations are not presented in this report.
Several of the protuberance specimens tested during entry 4 bad an in-
ternal cavity where the pr.ssure was monitored along with the thermo-
couple data. This internal pressure was also measured with the Tunnel
C standard pressure system.

The water-cooled pan surface was instrumented with four CR-AL
thermocouples. Two of these were located along the pan centerline and
the other two were located on either side wall.

Data on the ablation of the materials were obtained through photo-
graphic coverage by AEDC and pre- and post-test thickness measurements.
This coverage consisted of two 16 mm motion picture cameras, 70 mm
shadowgraph still photographs, video-tape coverage of the runs, and
pre- and post-test photographs of the specimens.
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3.0 TEST DESCRIPTION
3.1 TEST CONDITIONS AND PROCEDURES
3.1.1 General

A summary of the nominal test conditions for the entries is given
below:

MACH WEDGE R Q‘”°§’°
ENTRY NUMBER PO, psia TG, °R ANGLE, deg ANGLE, deg Btu/ft’-sec
1 10.17 1800 1900  15-23 - *
10.08 800 1900 0-23 - "
: 10.17 1800 1900 15-30 0 6-11
10.17 1800 1200 15-25 12 17-20
3 10.17 1800 1900 10-30 0 4-11
10.17 1800 1900 25 12 20
10.11 1200 1900  12-23 0 wk
/1017 1800 1900  15-23 - #
10.08 800 1900 0,23 - y
10.02 300 1900 5 - y
10.00 225 1900 20 - #
5 10.17 1800 1900  10-30 0 4=11
10.17 1800 1590 20,25 12 19,20
10.00 220 1900  14-25 0 *k

* These were thin-skin calibration tests of protuberance modeis
where the "cold-wall" heating rates varled across the models.

*% These heating rates were inferred by Thickol from previously
obtained data and were not supplied to the author.

## These heating rates were as determined in Entry 1.

A test summary sheowing all configurations tested and the variables
for each is presented in Table 4.

In the VKF continuous flow wind tumnnels (A,B,C), the model is mounted
on a sting support mechanism in an installation tank directly underneath
the tunnel test section. The tank is separated from the tunnel by a pair
of fairing doors and a safety door. Vhen clesed, the fairing doors, except
for a slotr for the pitch sector, cover the opening to the tank and the
safety door seals the tunnel from the tank area. After the model is pre-
pared for a data run, the personnel acceass door to the installation tank
is closed, the tank is vented to the tunnel flow, the sarety and fairing
doors are opened, and the model 18 injected into the airstream. The
fairing doors are closed for the runs which involve material specimens
but are left open for the calibration model runs. After the data are

st
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obtained, the model is retracted into the tank and the sejuence is re-
versed with the tank being veuted to atmosphere to allow access to the
model in preparation for the next run., The s:quence is repeated for
each apecimen or cunfiguration change.

The run times of the specimens for all the entries were deter-
mined by user test personnel monitoring the runs.

Normelly the entire run is made at a constant wedge angle; however,
for one run in entry 2 and for 15 runs in entry 5, the wedge was pitched
through a prescribed angle-of-.ttack sequen:e. This sequence is shown in
Fig. 7 and additional deteils of this technique may be found in Ref. 4.
The technique was used to simulate the variable heat-transfer rates
experienced during flight. The seqi :ce or trajectory was accomplished
manually for the panel in entry 2 bur was controlled autcmatically using
the computer controlled VKF Model Attitude Control System (MACS) in ~ntry
5.

3.1.2 Data Acquisition

For all the test entries, instrumentation outnuts were reccrded using
the VKF digital data scanner, under the control of the random access data
system (RADS). A complete data loop consisted of the tunnel condition
parameters plus the various instrumentation which mi -t be on the test
article for a given group. For the heat-transfer an. pressure calibration
groups of entry 1, the data were scanned continuously at the rate of 15
loops per second. For the remzining entries, the data rate was either
one loop of data every one, two or five seconds, depending un the esti-
mated exposure time of the material specimen. 1In all cases, the data
acquisition sequence was started at wedge injection and continued until
the wedge was retracted from the flow.

3.2 DATA REDUCTION

For each group, the tabulated data begin with 1 liating c¢f the tunanel
conditions and test article information required to characterize the group
and use the data. Following this, the test article data are presented.

The data reduction of the thin-skin thermocouple data involves the
calorimetric heat balance which in coefficient form is:

DTWDT

H(TO) = pbc TooTw N

Radiation and conduction losses are neglected in this heat balance,
and data reduction simply requires evaluation of DTWDT from the temper-
ature-time data. For the present teat, radiation effecta are assumed
negligible, aad the evaluation of DTWDT is accomplished by means of a
procedure whica makes it possible to identify any conduction influences
which may be nresent.

cam 1w - —— ey TR N

e



—

i . da . | P Y W " [

Separation of variables and integration of Eq. (1) assumiag constant
p, b, ¢ and TO yields

B(10) - go|TO-THL (2)
the (t-ti) z‘[ro-rw ]

Differentiation of Eq. (2) with resp-ct to time results in

pbc  dt ] L TO-TW
Since the left side of Eq. (3) is aseumed censtant, plotting
o | TO-TWL
TO-TW

can be ustd in Eq. (3) to evaluate H(TO). Deviaticns from a straight
line indicate conduction effects.

H(TO) _ d [gn[ro-rwil 3)

versus time should yield a straight line, the slope of which

The data were evaluated in this manner and a linear portion of the
curve was used for all thermocouples. The duration of the data reduction
was a function of the heating rate and was as follows:

Range No. of Points in Fit

32 < DTIWDT 5
DTWDT 7
DTWDT 6 9
DTWDT 8 13
TTWDT 4 17
2
1

- W
N

- N > 00 O
A A A AN A

DTWDT 25
DTWDT 41

A WA lAa A

A

The linearity of the fits was examined visually on the VKF graphics
terminal. The length of the fit is established automatically according
to the table given previously. However, the beginning time can be adjusted,
and the choice i3 made based on examination of the plotted results.

The heating rate was then determined bv the relation
Q-DOT = pbc(DTWDT) (4)

and the "cold wall" (TW = 0°F) heating rate was determined by the
equation

Q~DOT-0 = H(TO) (T0-460). (5)
keduction of the thin-skinthermocouple dasa for models supplied by
LMSC used s material density value of 494 1bm/ft”, a material specific

heat vzlue of 0.122 Btu/lbm-°"R, and a nominal skin thickness of 0,0265-1n.
(2.208 x 10™3 f£+).
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Data from the thermocouples located on the material specimens were
converted from millivolts to temperature using least-squares polynomial
curve fits of the data contained in Ref. 5.

The material specimen exposure time, denoted on the data as EXPOSURL
TIME, was measured from the time the model actually entered the tunnel
flow.

3.3 UNCERTAINTY OF MEASUREMENTS
3.3.1 Ceneral

The accuracy of the basic measurements (PO aud TQ) was discussed
in Section 2.3. Based on repeat calibrations, these errors were found
to be

APO ATO

70 = 0.16 to 0.25%, To = 0,42

Us~ertainties in other parameters were estimated using the Taylor
reries method of errcr propagation, Eq. (6),

2 2 2 2
oF oF oF
AX1 + ﬁz_ AXZ + ﬁ; AX3 wee + X Axn
\ n

oF

(AF)2 * 3%
1

vnhere AF is the absolute uncertainty in the dependent parameter
F = f(X,, Xz, X3 ces Xn) and Xn is the independent parameter (or basic

measurement). Axn are the uncertainties (errors) in the indpendent
measurements (or variables).
3.3.2 Test Conditions

The accuracy (based on 27 d=2viation) of the basic tunnel parameters,
PC and TO, (see Section 2.3) and the 2¢ deviation in Mach number deter-

mined from test section flow calibrations are summarized in the follow-
ing table.

Uncertainty, (:) percent of actual value

MACH MACH

NUMBER PO, psia NUMBER PO TO
10.10 225 1.4 0.22 0.4
10.02 300 1.4 0.16

10.08 800 1.0 0.25

10.11 1200 0.8 0.16

10.17 1800 0.8 0.16

1
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The uncertainty in wedge angle of attack, as determined from caii-
brations, is estimated to be 0.1 deg.

3.3.3 Test Data

Heat transfer measurements were made duriny entry 1 using the thin-
skin technique. Estimated uncertainties for the individual terms in the
thin-skin data recuction equations were used in the Taylor series method
of error propogation (Eq. 6) to obtain uncertainties in values of .eat-
transfer coefficient as given below:

Parameter Range Nominal Uncertaincy, percent
Heat Transfer 10_4 *10
Coefficient, 10-'3 7

H(10} 1072 +5

The measurcment uncertainty for the Tunnel C standard pressure
system which was used to measure the pressures in entries 1 and 4 is
*+0.3 perceonc; however, the pressure port fittings of the models/speci-
mens were found to have internal leaks during pretest checkouts (see
Section 4.0 for additional remarks). This makes it impossible to quote

.an uncertainty on the actual measured values.

Nn precision can be quoted for the photographic data (primary data
for material specimens) but several pretest exposures of the test hard-
ware in the tunnel were made to determine the optimum camera settings.

4.0 DATA PACKAGE PRESENTATION

The primary objective of this test program was to assist in the
development of insulation materials which will be satisfactory for use
as part of the Thermal Protection System for the Space Shut*le Solid
Rocket Boosters ana Solid Rocket Motors. The wind tunnel sts were
designed to evaluate the performance of the different materials by
exposing them to an environment which simulated the predicted flight
conditions. Previous calibration tests (Ref, 6) had established
the heat-transfer distribution for the panel specimens tested in entries
2, 3 and 5. Additional calibrations were required for the other pro-
tuberance configurations tested in entry 4. The heating levels desired
on all the configurations were obtained. All material specimens were
returned to their respective suppliers for complete analysis. Tne pres-
sure ports on the calibration models were found to have internal
leaks (section 3.3.3). The repair of these leaks wculd have required
disassembly of the models and would have resulted in a long delay in
the star: of the test shift. Therefore, the Lockheed test represent-
atives requested that the models be tested as they were since the pres-
sure data was a secondary objective.

A¢ menti.ned earlier, this test project included some additional
testing for the MMC. A total of 11 groups of heat-transfer calibration
data were obtained for them to assist in the evaluation of a flight
transducer for the Space Shuttle External Tank. This data has been in-
cluded in the Final Pata Package of the present project. Information
pertinent to the use of the MMC data can be found in Ref. 1 and the data
package.

12
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Sampl2s of the tabulated data from a calibration run and a ma-

terlials specimen run are presented in Appendix III.
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TEST SECTION

{— INSTRUMENTATION RING MODEL SUPPORT

QUARTZ WINDOWS —. INJECTION/RETRACTION
SYSTEM
SCREEN THROAT
SECTION SECTION NOZZLE SAFETY DOOR
TRANSITION WATER FAIRING, DIFFUSER SECTION
DOOR
= S
—l e 20 MODEL COOLING
o + ~ AIR LINE
° % PRESSURE TRANSDUCER
SYSTEM
- MODEL COOLING
\\ NOZZLES
L TEST SECTION TANK
[4:4]

a. Tunnel assembly

WINDOWS FOR MODEL INSPECTION
OR PHOTOGRAPHY

WINDOWS FOR SHADOWGRAPH/
SCHLIEREN PHOTOGRAPHY

AIR DUCTS TO COOL
MODEL FOR HEAT-

TRANSFER TESTS OR
QUICK MODEL CHANGE

sl PRESSURE TRANSDUCERS
AND VALVES

\' NOZZLE

TANK ENTRANCE DOOR —————r——r
FOR MODEL INSTALLATION |
OR THSPECTION 3

MODEL INJECTION AND
PITCH MECHANISM

b. Tunnel test section
Fig. 1 Tunnel C
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TABLE 1. Test Entries

e’
I, ENTRY : SUMMARY OF PRIMARY
NO. DATE OF TEST TEST CONTENTS
l 1 Jan. 17, 1979 a. Thin-skin heat transfer calibrations

2
3
4
o
i 5
J
R

of the SRB Range Safety Antenna Cover
(rear face)
b. Pressure and heat transfer calibrations
of the SRB Attach Ring and Kick Ring i
protuberances

March 7, 1979 a. Characterization and verification testing
of B-Stage cork panels
b. SRB TPS paint evaluation tests
c. Development testing of MSA-2 material
panels

P

March 8, 1979 a. Heat transfer calibration tests of Martin-
Marietta flight transducer :
b. Materials evaluation tests of SRM TPS
panels and Clevis Joints
c. Characterization and verification testing
of B-Stage cork panels

March 12, 1979 a. Materials evaluation tests of HEXCEL 4S-
4120 Phenolic on full scale Attach Ring
and Kick Ring protuberances

b. Verification tests of SLA-220 and P50
cork on Range Safety Antenna Cover

April 2, 1979 a. SRB TPS paint evaluation tests
b. Characterization and verification tests
of B-Stage cork panels
c. Evaluation test of SRM Clevis Joint

25
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TASLE 2. TEST SPECIMENS

L

SPECIMEN DESCRIPTION |

3/6-1a. B-Stage cork with To & Ta psint
Ta

hmiltoty Antenns Cover calibratios model

1/8-1n. thick MSA-1 panel with To & Tm paint
§/8-1in. thick NSA-1 pamel with To/Tn & Ta paiat

/3-1a. B-Stage cork wvith To/Ta &

3/8-1n. B-Stage cork with To & Ta ps
& To o
1/4-1n. B-Stage cork with To/Ta & Ta paint

ert s s e hon b

Thiokol Clevis Joint with 1/4-in. imsulstioa
Thiokol Clevis Joint with 1/8-in. iasulation

" Thiokol Clevis Joiat with Steel Clip

L/4-in. B-8tage cork palol .

Range Safety Antenna Cover SLA-230 & P30 Cork
Range Safety Aantenna Cover SLA-220 & PS5O Cork

Attach Ring with 1l/4-in. phenolic

Attach Ring with 1/4-ia. phenolic

Attach Ring with 1/4-in. phenolic

Rick Ring (Joint) with 1/4-in. phenolic

Attach Ring Instrument Island with i/4-in. phenolic
Attach Ring Instrument Island with l/4-in. phenolic

9/32-in. cork panel with Hyp & Hyp.‘Ta
3/8-in. cork panel with Hyp & Hyp/Tu
3/8-1n. cork panel with Hyp/Ta & Hyp
1/4-1n. cork panel with Hyp/Tn & Hyp

. cork panel with Wool/Tn & Latex/Tn

by err e M o P

"1/4-1n. cork panel with X3-5103/Tn & FRL/Tn

. cork panel with PL77 & FL?77/Tn

1/4-1n,. cork panel with PL77/Ta & FL?7

1/4-1n. NSA panel with Tn & To paint

. MSA panel with Hyp & Ryp/Ta paint
1/8-1p. MSA panel with Hyp/Tn & Hyp paiat
1/4-in. MSA panel with Wool/Tn & Latex/Tn paint
1/8-in. MSA panel with X3-5103/Ta & FRL/Tn peint

SANPLE USER 1 .D.
NUMBER
wa 10
B/A 20 Attach Ring calibeatioa model
A 30 Kick Riag calidbration model
3042 OFs-42
304\ OP-4A .
3318 Bavr-13
3is sW-18
3216 PYP-16
3200 Bw-9 1/4-in. B-Stsge cork with Nyp.
3320 @8Ww-20
3311  pve-ll 3/8-ia. B-Stage cork panel
3212 aw-1t
3313  BWP-13 .
3214 BYP-14 3/8-in. B-Stage cork panel
3106 MSA2-8 1/3-in. thi.k panel of KSA
3143 - MBA2-43 .
31¢l NSA2-41
3111 M8A2-11
3107 MSA2-7
3148 NSA2Z-4¢6 -
313%F  MSA3-21
3145 MBA2-4S 1/2-1n. thick panel of NSA
4101 Clevis Joint- NSFC Clevis Joint/Pi;: Retainer
No. 3
3801 cx;;u Joint-
3802 cl.;;u Joint-
3603 Clevis Joint-
8.C.
3l0i s/m-1 Thiokol cork panel
3102 8/8-2 .
8301 8/8-3
8302 8/K-4 Tuiokol cork panel
3101 pVP-1 1/4-1in. B-Stage cork panel
3110 BVP-10
3107 BW-7
3104 BVP-4
31190 BVP-19 1/2-in. B-Stage cork panel
3123 MS8A2-23 1/2-in. thick panel of MSA
3122 MSA2-22
3140 MSA2-40
117 NSA2-17 1/2-1in. thick patel of
1102 AF-2
1103 AF-3
301 krc-1 Eick Ring with 1l/4-in. phenolic
3302 Kkre-2 Kick Ring with 1/4-in. phenolic
3303 «xyc-3 Kick Ring with 1/4-in. phenolic
3304 KrC-4 Kick Ring with 1l/4-in. phenolic
3101 ARP-1
2102 Arr-2
3103 Arr-3
8201 KJT-1
-@101 18L1-1
6103 18L3-1
41c3 :hv;l Joint S8¥C Clevis Joint/Pia Retained
0.
3701 Oy . 1/4-in. cork panel with T™a & To
3702 C-3 l/4-in. cork panel with To & Tn
3703 C-3
3704 C-4
3708 C-8
3706 C-8
3707 C-7 1/4«4n
3711 C-11
3713 ¢C-13 1/4-4n
3714 C=14
3801 M-l
3302 -2 1/4=-1n
33803 N-3
3804 | X1
3806 u-8
07 N-7

26
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l TABLE 3. Continued
BITRY conrrc SANPLE USER I .D. SPECIMEN DESCZPTION
. . . NUMBER
L} 3303 pVP-3 174 in.-B-8tage cork panel
33203 Bve-3 L/4-1a. B-Stage cork panel
3208 V-3 1/4-1n. BD-8tage cork pamel
3208 BVYP-8 1/4-1n. B-Stage cork psnel
3317 BVYP-17 V/8-1in. BD-Stage cork panel
3321 bBVWP-21 3/8-1a. B-8tage cork panel
. 3312 Bavw-22 3/8-in. B-Stage cork paasl
I 8. 3 31 MBAZ-M 1/3-4n. thick panel of MBA
Notes: Ta: aew Turco paint
: old Turcs paint
- Tu/To: new Turco applied over old Turco ( / symbol typical
. Hyp: Hypaloan paint :
w - ¥ool: Woolsey paint .
X3-8103. Dow Coraing Silicone Latex
Latex: BExterior Acrylic Latex
.- PLT7: TFlame Maater Coating

27
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TARLE 5. Thermocouple Locations
a. Kick Ring

TC-NO X Y z
1 0.00 0.02 0.00
. 2 { 1.00 {
3 1.50
4 2.00
5 2 .50
6 3.00
7 250
8 3.75
9 4 .00
10 4.25
11 4.63
12 5.38
13 6.38
14 6 .88 0.00
15 1.00 2.00
16 2.00
17 , 4.63
18 5.38
19 6.38 2.00
20 1.00 -2.00
21 2 .00
22 4.63
N~ 23 Y 5.38
24 0.00 6.38 -2.00 ,
{
I T |
3 Bl PRESSURE !
- PORT X Y z
1 0.00 1.75 -1.50
2 0.00 1.75 1.50
4
I N




e

§ TC-NO

WRVRD LB WN -~

PRESSURE
PORT

B O

- e e
.

TABLE 3.

b.

Attach Ring

Continued

X Y z
0.00 5.00 .00
5.00 3.006
5.00 -3.00
0.00 2.50 -4.00
0.25 2.50 -4.00
0.00 4.50 0.00
| 4.00
3.50
5.00
2.50
1.50
1.00
0.50 0.00
2 .50 3.00
1 2.00
1.00
~1.00
-2.00
-3.00
2 .50 -3.50
0.50 -3.00
4 .50 -3.00
‘ 0.50 3.00
0.00 4.5v 3.00
X Y Z
0.00 4.00 ~1.75
4.00 1.75
¢ 1.00 -1.75
0.00 1.00 1.75
29
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TC-NO
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TABLE 3. Concluded
¢. Range Safety Antenna Cover
X Y A
0.00 1.50 0.00
‘ 2.00
2.50
3.00 I
3.50
3.87 0.00
1.50 -2 .06
2.00
2.50
3.00
3.50
3.87 -2.06
1.50 2.18
2.00
2.50
3.00
Y 3.50
0.00 3.87 2.18
1.37 3.92 0.00
3.37 3.92
5.37 3.92
9.54 2 .48
11.80 1.42 0.00
3.37 3.92 -2.00
3.37 3.92 -3.38
30
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APPENDIX III
SAMPLE TABULATED DATA
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